Oceanic plateaus and swells are a major component of the seafloor topography, yet they remain among the most poorly understood features. This is especially true of the oceanic plateaus which show large variations in crustal thickness. To determine the depth and mode of compensation for 53 of the largest plateaus and swells, we analyzed the relationship between geoid height and topography in polygonal areas containing each feature. Both geoid height and topography were first band-pass filtered (400 km < I < 4000 km) to isolate the signal associated with local compensation from flexural and deep mantle signals. The ratio of geoid height to topography was then determined by fitting a straight line to the data. Except for nine of the smaller features there is a high correlation between geoid height and topography that is positive in accordance with Airy and thermal compensation models. Eighteen features have high geoid/topography ratios that cannot be explained by the Airy compensation model of crustal thickening. These features (thermal swells) are partially supported by thermal buoyancy forces in the lower half of the lithosphere. The ratios are highest for active hot spot swells and decay, with the thermal age of the swell, to values consistent with Airy compensation of the enduring volcanic edifice. The remaining features (plateaus) have lower geoid/topography ratios in agreement with the Airy compensation model. Those plateaus with average height greater than 4 km are thought to be continental fragments; the shorter plateaus tend to be volcanic features. Modified continental plateaus, presumably small fragments of extended and intruded continental margin crust, cluster around heights of N3 km, overlapping the range associated with oceanic plateaus. Since the origin of many plateaus is poorly understood, this global geoid/topography analysis provides a new technique for comparing the deep structure of oceanic plateaus and swells.
INTRODUCTION
The word' s ocean basins contain more than 100 areas of elevated seafloor which stand more than 2 km above the adjacent oceanic crust (Figure 1 ). These features are generally classified either as "oceanic plateaus" or "oceanic swells." Broad swells, usually topped by volcanos, are believed to be areas where the lithosphere has been thinned by an upwelling mantle plume [Detrick and Crough, 1978] .
After about 40 Ma, the excess heat diffuses from the swell, and it subsides. Many of these areas (for example, Hawaiian Swell, Bermuda Swell and Cape Verde Rise) have been studied using topography, heat flow, and geoid height data [Crough, 1978 The other, more numerous, elevations known as oceanic plateaus, have the following characteristics: steeply dipping margins, (generally) calcareous sediment caps, lack of focused seismicity, nonlineated magnetic anomaly patterns, crustal thicknesses in excess of 15 km, and topographically correlated geoid anomalies [Carlson et al., 1980 ; Nut andBen-Avraham, 1982, Sandwell andRenkin, 1988] . In total area, oceanic plateaus cover more than 3% of the seafloor. Therefore, they must play a significant role both in the evolution of oceanic basins and in the formation of collision-type margins [Vogt, I I zor lithosphere [Crough, 1978] . Since the ratio of geoid height to topography depends upon the average compensation depth, intermediate ratios could also reflect linear combinations of compensation modes [Sandwell and Renkin, 1988] . Gridded geoid height data [Marsh et al., 1986] , along with gridded bathymetry data [Van Wykhouse, 1973] , were used to estimate the average compensation depths of 53 swells and plateaus. Some of these features have been studied previously using similar techniques: Hawaiian Swell [Crough, 1978; Sandwell and Poehls, 1980 [Sandwell andRenkin, 1988] , Exmouth and Rockall plateaus [Fowler and McKenzie, 1988] . While our results largely agree with these previous studies, we have used the global data sets to perform a more systematic analysis. Since data from each area were processed in exactly the same way, we interpret variations in geoid/topography ratio as being caused by differences in compensation depth. In addition, this global analysis enables us to predict the compensation mechanisms of poorly surveyed plateaus and swells.
MODELS
Airy and thermal compensation models were used to explain the relationship between geoid height and topography. In both cases, the long-wavelength approximation for isostatically compensated topography [Ockendon and Turcotte, 1977] The lithospheric thinning model of Crough [1978] was used to explain the higher geoid/topography ratios that cannot be explained by the Airy compensation model (Figure 2c ). In this isostatic thinning model, topography is supported by hot, relatively low density material in the lower half of the lithosphere. Since the actual density distribution depends upon factors such as how the thinning occurs, the age of the swell, and the age of the lithosphere when the thinning occurred, we simplified the model by assuming a uniform average compensation depth z m. In addition, the density anomalies at the seafloor and the base of the crust were assigned average depths of z and z respectively. The geoid height for this model is (Figure 3) . Isostatic compensation at a depth greater than about 60 km implies dynamic support because even the oldest lithosphere cannot support shear stress at greater depths [Weertman, 1970] .
DATA ANALYSIS
The data were analyzed using the technique of Sandwell and Renkin, [1988] . The gridded geoid height data (1/4 ø by 1/4 ø from Marsh et al. [ 1986] ) were first high-pass filtered to remove components having wavelengths much greater than any feature that we analyzed (4000 km). Sandwell and Renkin [1988] found that the results are sensitive to the shape and cutoff wavelength of the geoid high-pass filter. This is especially true for the larger features. Therefore we designed a tapered high-pass filter that maximizes the correlation between geoid height and topography and avoids the large side lobes found in previous studies. An image of the highpass-filtered geoid is shown in Figure 4 . Besides the trenches and the ridges, the most prominent features are the oceanic swells and plateaus.
To be consistent, we high-pass filtered the gridded topography [ Van Wykhouse, 1973] in exactly the same way as the geoid height data using spherical harmonic coefficients of topography [Rapp, 1982] . An image of the high-pass-filtered topography is shown in Figure 5 . There is generally a good correlation between the highpass-filtered geoid and the high-pass-filtered topography. However, it is evident that the geoid/topography ratio is much higher over thermal swells (for example, Hawaiian Swell) than it is over oceanic plateaus (for example, Shatsky Rise). It is these differences that reveal the mode and depth of isostatic compensation.
To remove the geoid/topography signature associated with lithospheric flexure, both the geoid height and topography were lowpass filtered with a cutoff wavelength of 400 km. After filtering, the geoid and topography were resampled at a rate consistent with the bandwidth of the filter. This spatial sampling interval was taken to be the latitudinally dependent width of the low-pass filter window in terms of 1/4 ø cells. For example, along the equator, only every 25th data point was kept after low-pass filtering with a cutoff wavelength of 400 km. The geoid/topography ratio is insensitive to this sampling interval, but the computed uncertainty in the geoid/topography ratio becomes unrealistically small if the data are sampled too often and, thus, are not statistically independent. One would expect the optimal choice of low-pass filter to be dependent on the thermal age of the lithosphere and its characteristic flexural wavelength. However, Sandwell and Renkin [ 1988] found that the geoid/topography ratios for plateaus and swells in the northern Pacific Ocean are, in fact, relatively insensitive to the choice of shape and cutoff wavelength of the low-pass filter used. We elected to use a 400-km cutoff filter, as it yielded lower statistical uncertainties than a 600-km cutoff filter, even for features on old oceanic crust such as the Emperor Seamounts.
Using the topography data and guided by results of previous geological and geophysical studies, we selected 53 polygonal areas between 70øN and 62øS (the limits of the geoid data set) containing the most prominent plateaus and swells ( Figure 6 ). Some plateau features were subdivided to reflect known (or suspected) genetic boundaries (for example, northern versus southern Mascarene Plateau). A few were subdivided to sample extended histories of formation (for example, the Emperor-Hawaiian trend and the Ninetyeast Ridge). However, the smallest areas included have dimensions at least several times greater than the cutoff wavelength of the low-pass filter used.
The main objective of the selection procedure was to sample the relative contrast in geoid and topography signals between the plateau and swell structures and the surrounding deeper seafloor. Each polygon was selected to sample as much plateau crust and oceanic crust as possible without including other known geologically distinct. features such as fracture zones or seamount chains. In several cases.. large fractions of plateau structures were excluded to avoid the broad signatures of nearby subduction zones, adjacent thermal swells, and the "edge effects" produced by continental margins. For the Voring Plateau, this necessitated sampling only the oceanic dipping layer sequence portion on the outer plateau while excluding the continental inner plateau. As another example, the area sampling the Walvis Ridge purposely excludes the western portion of the ridge to avoid any swell signal associated with the presumed Tristan da Cunha hot spot. Unfortunately, we found that the results of our analysis are somewhat sensitive to the boundaries that were selected. This largely proved to be the consequence of contaminating geoid signals from adjacent or overlying structures often not readily apparent in topographic plots alone. We did iteratively modify boundary selections to avoid or reduce such perceived problems. However, some problems still remain, as •,E 6 -o ooo Table 1 . topography (i.e., the geoid/topography ratio), its uncertainty, and the plateau height for each of the areas are given in Table 1 . We did not perform a sediment-loading correction because in a previous study [Sandwell and Renkin, 1988 
* Apparent type resulting from signal contamination (see text for discussion).
Also listed for each feature are both its crustal type as interpreted from the N/h data and its crustal type as derived from the reference cited. The four-letter abbreviation for each plateau or swell name is used in the location map shown in Figure 6 . of geoid/topography ratios in the presence of low-density sediment cover. In the case of the Ontong Java Plateau, Sandwell and Renkin [1988] found that correction for sediment loading increased the resulting geoid/topography ratio by ---12%. Without the sediment correction, we suspect that the geoid/topography ratios for the plateaus with thick sediment cover included in this study (principally Ontong Java Plateau, Rockall Plateau, Lord Howe Rise, Exmouth Plateau, and Kerguelen Plateau) may be underestimated.
This band-pass filtering technique for determining the geoid/ topography admittance has several advantages over the usual Fourier transform method [Dotman and Lewis, 1970] . First, problems with edge effects are minimized because the filters are applied before the areas are selected. Second, this technique does not require that the data be projected onto a flat earth, and the areas can have irregular shapes to avoid contaminating signals. Third, there is the possibility of determining whether or not the geoid/topography relationship contains the nonlinear component predicted by the Airy model. One relative disadvantage is that the convolutions used for band-pass filtering are computationally much slower than the Fourier transforms used in the admittance analysis. However, the ever increasing speed of computers have rendered this problem insignificant.
RESULTS AND DISCUSSION
In general, we find a high linear correlation between geoid height and topography (Figure 7 and Table 1 shallow Airy-type compensation of these seafloor platforms. We suspect that the anomalous negative geoid/topography ratio for Rockall Plateau is an artifact, indicating that the several distinct morphologic elements comprising this plateau (i.e., Hatton Bank, Hatton-Rockall Trough, and Rockall Bank) should be analyzed as separate geologic features. This is supported by the ---10 km variation in crustal thickness observed under these features [Scrutton, 1972] .
To illustrate the relationships between the different types of plateaus and swells, we plotted the geoid/topography ratio of each plateau or swell against its overall relief (Figure 8 ). Each feature is identified by its type as commonly espoused in the literature (see Table 1 The smaller continental plateaus (Flemish Cap, Porcupine Bank, and South Tasman Rise) form the second group. All of these plateaus are characterized by lower overall plateau relief (---3 km) and are located adjacent to passive continental margins from which they are separated by narrow troughs. We believe that whereas ridge jump fragmentation of continental crust may dominate the formation of the other, larger plateaus, continental margin extension and modification may be the dominant processes producing these, smaller modified continental plateaus. Although the Agulhas Plateau has been interpreted as an extensively modified continental fragment , the geoid/topography ratio for this plateau is significantly greater than that of other modified continental plateaus. This suggests that the low-density continental component of this feature may be relatively minor. Indeed, continental rocks dredged from the Agulhas Plateau are limited to its southern and southwestern margins [Allen and Tucholke, 1981 ] All features identified in the literature as thermal swells occur over geoid/topography ratios ranging from 1.5 to 4.5 m/km. We note that the area representing Iceland yields a relatively low geoid/topography ratio (1.53 m/km), but we expect that the large Airy-compensated plateau dominates the signatures of the thermal swell and spreading ridge. A few other unexpected results are apparent among The summary and interpretation of our geoid/topography analysis is shown in Figure 9 where the geoid/topography ratios are plotted as a function of plateau height. The seven areas having scattered geoid/ topography relationships were omitted, and the uncertainties in the geoid/topography ratios are also not shown. Each area was reclassified as a thermal swell, oceanic plateau, continental plateau, or modified continental plateau on the basis of its geoid/topography ratio and elevation. Since we were unable to distinguish an oceanic plateau from a modified continental plateau using this geoid/topography analysis, we categorized these features using previous studies. This geoid/topography analysis is most useful for identifying thermal swells having no recent volcanism. 
